Purpose. Recent evidence suggests that improving the transitional care process may reduce 30-day readmissions and hospital length of stay (LOS). The objective of this study was to evaluate the impact of a pharmacist-led transitions-of-care (TOC) program on 30-and 90-day allcause readmissions and LOS for patients discharged from the hospital acute care setting.
P reventing hospital readmissions has been identified as one of the key areas where policy makers and stakeholders can focus their efforts to reduce the United States' ever-increasing healthcare costs. 1 It is estimated that approximately 27% of hospital readmissions are potentially avoidable, which translates into an estimated economic burden of $25 billion to $45 billion annually. [2] [3] [4] The Hospital Readmissions Reduction Program (HRRP) is one policy aimed at reducing rising healthcare costs and improving both patient care quality and outcomes. The HRRP, a component of the 2012 Affordable Care Act, requires the Centers for Medicare and Medicaid Services to reduce inpatient prospective payment system payments to those hospitals with excess Real-world evidence on impact of a pharmacistled transitional care program on 30-and 90-day readmissions after acute care episodes This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs licence (http://creativecommons.org/ licenses/by-nc-nd/4.0/), which permits non-commercial reproduction and distribution of the work, in any medium, provided the original work is not altered or transformed in any way, and that the work is properly cited. For commercial re-use, please contact journals.permissions@ oup.com readmissions. The excess readmission ratio is calculated as a separate performance measure for each of the following primary diagnoses: acute myocardial infarction (AMI), heart failure (HF), pneumonia, chronic obstructive pulmonary disease (COPD), coronary artery bypass graft (CABG) surgery, and elective primary total hip and/or total knee arthroplasty. 5 In response to the establishment of these quality measures, hospitals have implemented significant efforts to improve their process of care with the aim of reducing the rate of readmissions. Recent literature suggests that improving the transitions-of-care (TOC) process by educating patients, coordinating with postacute care providers, and reducing medication-related complications during an inpatient stay can reduce 30-day readmissions. [6] [7] [8] [9] [10] [11] [12] A health system of community hospitals in northern California designed a pharmacist-led TOC program that focuses on improving and optimizing drug therapy and implemented that program at one of its sites in 2015. The intervention aimed to maintain continuous, optimal medication therapy during and after hospitalization by incorporating strategies shown in the literature to be effective plus additional components identified as necessary by the transitional care providers themselves. The purpose of this study was to evaluate the real-world impact of this TOC program on 30-and 90-day readmissions and index admission length of stay (LOS).
Methods
Study design. This was a retrospective cohort study using hospital electronic health records from the intervention and control sites spanning the period October 2013 through September 2017. Pre-and postintervention outcome measures were compared using a differencein-difference (DID) approach that adjusted for time trends using neighboring control hospitals within the same health system that did not implement any similar intervention during the study period but were otherwise well matched for size, average acuity, and other patient factors (Appendix A).
Subjects. The analysis cohort included all patients who were at least 18 years of age and admitted with a primary diagnosis of HF, AMI, pneumonia, or COPD during the study period. These 4 conditions were selected out of the 6 primary diagnoses subject to the HRRP based on the patient population profile of the intervention site, which did not perform any CABG procedures and had few if any orthopedic patients hospitalized for surgery on-site. Patients were excluded if they (1) died during the index hospitalization, (2) were discharged against medical advice, (3) were electively admitted, or (4) were both admitted and discharged outside of the TOC program hours (Monday through Friday 8 am to 5 pm). A CONSORT diagram showing the number of patients who met our inclusion and/or exclusion criteria and the final sample size is shown in Figure 1 .
Intervention. The TOC program was a multifaceted intervention aimed at improving the outcome of patients' medication therapy. The intervention incorporated the following specific components: (1) identifying and correcting drug-related issues upon admission, (2) continually monitoring drug therapies for optimization during a hospital stay, (3) preordering postdischarge medications for patients and resolving any insurance conflicts prior to discharge to ensure uninterrupted therapy, (4) educating patients upon discharge on medication therapies and their follow-up appointments, if any, and (5) making follow-up phone calls to address drug-related issues, including barriers to medication adherence, after discharge. The intervention site was chosen from among others because it had in place most of the required elements to deploy the TOC program promptly and efficiently. Those elements included the necessary pharmacist staffing and competency levels plus other essential capabilities such as medication reconciliation and postdischarge follow-up.
At the intervention hospital, patients were eligible to receive the intervention if they had a primary diagnosis of congestive HF (CHF), AMI, pneumonia, or COPD. However, due to limited resources and pharmacist availability, the intervention was not provided to every eligible patient. Patients were therefore prioritized based on perceived patient factors such as medication regimen complexity and comorbid health conditions, leaving some eligible patients in the intervention group untouched by the TOC program. Although every effort was made to expose patients enrolled in the program to all 5 components of the intervention, some participants did not receive all components (eg, because the patient could not be reached by phone after being discharged). Nonetheless, patients were considered as having received the intervention if they were touched by any of the 5 components.
Outcome measures. The primary outcome measures were all-cause 30-day and 90-day hospital readmissions following the index hospitalization. The 90-day hospital readmission measure was included to examine
KEY POINTS
• A pharmacist-led transition of care (TOC) program effectively lowered the 30-day readmissions among adult patients hospitalized for acute myocardial infarction, chronic obstructive pulmonary disease, congestive heart failure (CHF), or pneumonia.
• Among the patients hospitalized for CHF, the TOC program significantly decreased 90-day readmissions.
• There was no difference in the mean length of stay before and after the intervention.
whether the impact of the intervention on 30-day readmissions persisted beyond 30 days. The secondary outcome measure was LOS during the index hospitalization; this outcome was designed to evaluate whether the intervention, which incorporated patient medication reconciliation at the time of admission, would have relatively immediate effects on the time to discharge. Analysis. The baseline characteristics of patients at the intervention and control sites were compared using t tests for continuous data, and χ 2 tests for discrete data. The level of significance was set, a priori, at 0.05. The impact of the intervention was assessed using a DID design by comparing the outcome measures before and after implementation of the intervention (in January 2015) after adjusting for time trends at the control sites during the study period (October 2013 through September 2017). The DID approach was based on the assumption that there was an otherwise common trend in the outcome measures during the study period among the intervention and 3 neighboring control hospitals. More specifically, the imposed assumption was that the important unmeasured confounding factors varying across the groups (such as individual hospital characteristics) were time invariant, and that the time-varying confounders (such as the time trend of a measured outcome) were group invariant. 13 If that assumption held, then any pre-versus postintervention differences in outcomes at the intervention site would be attributable to the TOC program. Each admission episode was entered into the cohort data as a patient-level observation. If a patient had more than 1 admission episode, only the first observed admission record was analyzed for treatment effectiveness. Because (as already noted) not all patients in 
Results
A total of 1,776 and 2,969 patients from the intervention site and the control sites, respectively, were included in the analysis. Of those patients, 655 patients from the intervention group and 958 patients from the control group were admitted prior to implementation of the TOC program in 2015. Patient demographics and clinical characteristics for index admissions are shown in Table 1 . For the 3 years of the study period (2015, 2016, and 2017), the proportions of patients who actually received the intervention among the intervention group patients were 27%, 36%, and 39%, respectively (33.3% in aggregate over the 3 years). The unadjusted 30and 90-day readmission rates and LOS data for each site for each year during the study period are shown in Figure 2 . The annual 30-day readmission rates ranged from 13.2% to 17.7% during the preintervention period, compared to a range of 10.6% to 12.2% in the postintervention period. Regression estimation was applied to calculate least-squares means for each outcome measure for the preintervention period and postintervention period. Figure 3 shows the change of the outcome measures before and after the TOC program at the intervention site and the control sites, with 95% confidence intervals (CIs). For 30-and 90-day readmission rates, outcomes were estimated in logodds while using linear models. These estimates were then used to produce the DID results, which compared the outcome measures before and after the intervention after subtracting the changes observed in the 3 neighboring control hospitals. The resulting odds ratio (OR) for 30-day readmission for patients admitted after the implementation of the TOC program, compared to those who were admitted prior to the program, was 0.654 (P = 0.035).
The 90-day readmission OR was 0.752 (P = 0.070) for patients admitted in the postintervention vs the preintervention period ( Table 2 ). There was no statistically significant change in the mean LOS from the preintervention to the postintervention period (-0.15 day; P = 0.662). The adjusted change in the probability of 30-day readmission at the intervention site was calculated using least-squares estimates for that outcome measure obtained from the multivariate regressions for the intervention and control sites before and after the intervention. Resulting logodds estimates were converted to mean probabilities (as shown in Appendix C). The difference in the probabilities of 30-day readmission at the intervention site before and after the intervention was -0.0178 (95% CI, -0.0562 to -0.0206). After adjusting for the trends in the control sites, the change in probability was -0.0327 (95% CI, -0.0884 to -0.0231).
Subgroup analysis. In the intervention group, patients admitted with a primary diagnosis of CHF were more likely than those in other diagnosis categories to receive the intervention, likely because of the more complex role that medication therapy usually plays in treating that condition, as opposed to AMI, pneumonia, and COPD. That result was aligned with existing literature demonstrating pharmacists' impact on clinical outcomes among patients with CHF. [14] [15] [16] [17] Thus, patients with CHF were often prioritized to receive the intervention before those in other diagnosis groups due to limited pharmacist time and hospital resources. The proportion of patients with CHF who were touched by the intervention over the postintervention period was 57.2%, compared to only 33.3% in the overall intervention group. Therefore, a subgroup analysis focusing only on patients with CHF was performed. There were 607 patients with CHF at the intervention site (226 from the preintervention period) and 1,177 patients with CHF at the control sites (366 from the preintervention period). The annual unadjusted 30-day readmission rates during the preintervention period ranged from 14.0% to 20.0%, compared to rates of 12.1% to 12.6% in the postintervention years. The DID analysis, which accounted for both individual patient characteristics and the time trends at control sites, showed that the adjusted OR was 0.53 (P = 0.056) for 30-day readmissions and 0.47 (P = 0.0054) for 90-day readmissions. However, there was no significant change in mean LOS, paralleling the result in the all-diagnoses group (0.62 day; P = 0.165) ( Table 2 ).
Discussion
This study estimated the impact of a pharmacist-led TOC program on 30-and 90-day readmission rates and LOS in a hospital acute care setting among patients who were admitted for CHF, AMI, pneumonia, or COPD. The multivariate regression results demonstrated that there was a significant reduction in both 30-and 90-day readmission rates at the intervention site following implementation of the intervention, compared to readmission rates in the preintervention period. The DID estimate, which additionally adjusted the results for time trends in outcome measures at 3 neighboring control hospitals, showed that there was a statistically and clinically significant reduction in the odds of 30-day readmission. As discussed previously in the Methods section, the validity of these results relies on the account that the common-trends assumption across the intervention and control sites holds. By visual inspection of unadjusted yearly trends of outcome measures for each hospital presented in Figure 2 , the parallel trends in the years prior to 2015 can be confirmed for the intervention site and the control sites in aggregate (for both 30-and 90-day readmissions). The 2 lines suggest that rates were trending downward in the years prior to TOC implementation in 2015. In addition, examination of the group-variant predictors (hospitallevel characteristics in this study) revealed no significant changes over the years constituting the study period and confirmed that they remained time invariant. These facility-level characteristics before and after the intervention are provided in Appendixes A and B. It should be noted that due to resource constraints, only a small proportion 
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IntervenƟon Control (33.3%) of the eligible patients actually received the intervention; therefore, the study employed an ITT analysis approach to minimize the bias of potential confounders that arise when restricting such an analysis to treated patients in quasi-experimental designs. This likely biased the analysis against finding a benefit. If a greater proportion of eligible patients had received the TOC intervention, potentially even larger effects might have been observed. The subgroup analysis, focusing on CHF patients, showed trends of reduced 30-and 90-day readmission rates at the intervention hospital, paralleling the 30-day readmission results seen in the base-case model. For CHF, the DID estimate was statistically significant for 90-day readmissions, with an OR of <1, suggesting that CHF patients may experience a benefit from the intervention after some time has elapsed after discharge. It is reasonable to expect that the TOC program may have different effects on these outcome measures, depending on the patient's specific diagnosis, since each diagnosis has a different disease course, and each disease is impacted differently by drug therapy. As such, one would expect patient groups with conditions heavily managed by medication therapy to greatly benefit from interventions similar to the TOC program. When adopting a similar TOC intervention, appropriate target patient population selection may decide observed effect size, especially when there are limited resources and providing the intervention to all admitted patients is not feasible.
Several limitations of the study should be noted. As with any retrospective cohort analysis, treatment assignment bias and unmeasured differences between the treatment and control patients (and hospitals) could have skewed the intervention's estimated effect size. The chosen research approach (the DID approach, which also incorporates patient-level risk factor adjustments) should have minimized those biases. Despite these limitations, our study served as a test of an intervention deployed for quality improvement under real-world conditions, strengthening the external validity of our results for application in similar settings elsewhere (characteristics of the intervention and control hospitals are provided in Appendixes A and B).
In another study limitation, preintervention data were available for less than 2 years, limiting comparison of trends between sites prior to the intervention's implementation. Specifically, data from 2013 only encompasses the last 3 months of that year, so the 2013 "annual" readmission rate may not reflect an accurate estimate for the entire year. Although the longer study period could have improved the robustness of our results, to our knowledge there were no major unmeasured variables. Because the data included detailed information on patients' clinical presentation during the hospital stay, our analysis was able to account for potential confounders that would have otherwise led to less accurate estimations. Other analytic approaches, such as propensity score matching, were also applied as a robustness check but suffered from unacceptable endogeneity issues.
As discussed earlier, the intervention only reached about a third of eligible patients at the intervention site. Therefore, the analysis used an ITT approach to provide the most conservative possible estimates, which may have significantly attenuated the estimated intervention effectiveness. Those factors, combined with the (expected) variability in individual outcomes, forced us to reject as nonsignificant some observed effect trends that only achieved P values slightly higher than 0.05.
Overall, our analysis showed that this pharmacist-led transitional care intervention had a positive impact, significantly decreasing inpatient readmissions. The TOC program resulted in a significant reduction in the odds of 30-day readmission for high-risk patient groups in acute care settings. Subgroup analysis also indicated that the intervention significantly reduced 90-day readmissions among CHF patients. This represents a very significant clinical benefit, all the while implying significant opportunity for cost reduction, considering that average hospital expenses per inpatient day in the United States total about $2,424. 18 The analysis presented here strongly suggests that the benefits of a TOC program justify deploying such programs more widely. However, randomized controlled studies, testing similar pharmacist-led interventions on high risk populations, may help to further support and refine our findings. No. medications on admission, mean (SD) 7.6 (7.8) 4.2 (6.4) 7.9 (7.1) 5.2 (6.1)
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